Microdevices for detecting locus-specific DNA methylation at CpG resolution.
Simple, rapid, and inexpensive strategies for detecting DNA methylation could facilitate routine patient diagnostics. Herein, we describe a microdevice based electrochemical assay for the detection of locus-specific DNA methylation at single CpG dinucleotide resolution after bisulfite conversion of a target DNA sequence. This is achieved by using the ligase chain reaction (LCR) to recognize and amplify a C to T base change at a CpG site and measuring the change electrochemically (eLCR). Unlike other electrochemical detection methods for DNA methylation, methylation specific (MS)-eLCR can potentially interrogate any CpG of interest in the genome. MS-eLCR also distinguishes itself from other electrochemical LCR detection schemes by integrating a peroxidase-mimicking DNAzyme sequence into the LCR amplification probes design which in turn, serves as a redox moiety when bound with a hemin cofactor. Following hybridization to surface-bound capture probes, the DNAzyme-linked LCR products induce electrocatalytic responses that are proportional to the methylation levels of the gene locus in the presence of hydrogen peroxide. The performance of the assay was evaluated by simultaneously detecting C to T changes at a locus associated with cancer metastasis in breast cancer cell lines and serum-derived samples. MS-eLCR required as little as 0.04 pM of starting material and was sensitive to 10-15% methylation change with good reproducibility (RSD=7.9%, n=3). Most importantly, the accuracy of the method in quantifying locus-specific methylation was comparable to both fluorescence-based and Next Generation Sequencing approaches. We thus believe that the proposed assay could potentially be a low cost alternative to current technologies for DNA methylation detection of specific CpG sites.